This paper analyzes how changes in the skill mix of local labor supply are absorbed by the economy, distinguishing between three adjustment mechanisms: wages, expansion in size of those production units using the more abundant skill group more intensively, and more intensive use of the more abundant skill group within production units. We contribute to the literature by analyzing these adjustments on the firm rather than industry level, using German administrative data. We show that most adjustments occur within firms through changes in relative factor intensities and that firms entering and exiting the market are an important additional absorption mechanism.
and growing body of literature focuses on the magnitude of these changes. 1 Traditional open economy models, in contrast, emphasize adjustments to labor supply shocks through changes in the output mix produced by the local economy ðsee Rybczynski 1955Þ. More recently, shifts toward production technologies that are more intensive in the use of the relatively more abundant labor type have been put forward as a third potential adjustment mechanism. Such technology shifts are thought of as being either due to profit-maximizing innovators' endogenous choice of research direction ðsee, e.g., Acemoglu 1998 or producers' selection of an optimal production technology from a given pool of alternatives ðsee, e.g., Green 2003, 2005; and Caselli and Coleman 2006Þ . Existing studies that evaluate the relative magnitude of the latter two channels using industry-level data identify technology adjustments as the more important of the two ðsee, e.g., Hanson and Slaughter 2002; Lewis 2003; Gandal, Hanson, and Slaughter 2004; Card and Lewis 2007; and González and Ortega 2011Þ. 2 These studies argue that open economy adjustments should induce more growth in industries that make more intensive use of the relatively more abundant type of labor ðoften referred to as "between" changesÞ, whereas technology adjustments should lead to within-industry changes in the relative employment of the more abundant labor type ðreferred to as "within" changesÞ. Being conducted on the industry level, however, one problem with the existing studies is that, if firms within an industry produce heterogeneous products, changes in aggregate industry-level factor intensities that are the result of size adjustments between firms operating within that same industry may be incorrectly attributed to technology-induced factor intensity adjustments. With the trade literature providing extensive evidence of product heterogeneity even within narrowly defined industries or product categories ðsee, e.g., Schott ½2004 or Broda and Weinstein ½2006Þ, such aggregation error could be sizable.
The first contribution of this paper is therefore to assess whether aggregation to the level of industries leads indeed to an overstatement of the extent of technology adjustments to labor supply changes. To achieve that, we use comprehensive firm-level data from administrative sources, which allow us to assess and quantify the channels through which immigrationinduced local labor supply shocks are absorbed into the economy at different levels of aggregation.
Our second contribution is to isolate and quantify the role of firm creation and destruction for the absorption of labor supply changes. Given the high turnover of firms and new firms' lower adjustment costs, not accounting for this mechanism could be an important omission. 4 Unlike other studies that rely on survey information, our administrative data encompass the entire universe of firms, including small ones. This is particularly important if some of the adjustments to local labor supply shocks do indeed take place through the ðnetÞ creation of new firms, as it is likely that small firms play a particularly important role in this process. 5 While adjustments in production technologies lead to changes in relative factor intensities within production units, the same is true for changes in relative wages. In terms of a standard model of production, the first interpretation refers to a change in relative inputs due to a technologyinduced rotation of the isoquant around a fixed isocost line, while the second interpretation refers to a change in relative inputs due to an isocost line that rotates around a fixed isoquant. Thus, in order to assess whether the observed within-firm changes in relative inputs are indeed due to technology adjustments, we estimate the possible effects of local labor supply shocks on relative wages, differing from existing work by distinguishing between the impact in the tradable sector and the nontradable sector.
To perform our analysis, we draw on an administrative data source that covers the entire West German workforce from 1985 to 1995. The data provide not only basic worker characteristics, including educational levels, but also identifiers for the employing firms and information on their industry affiliation. We can thus accurately compute the skill mix employed in each firm. 6 Regional identifiers further allow us to identify local labor markets. We focus on the period 1985-95 since it was characterized by large immigrant inflows, which we can exploit to isolate the absorption mechanisms that respond to exogenous supply shocks. 7 The results from our main decomposition on the firm level support previous work on the industry level ðe.g., Lewis 2003; Card and Lewis 2007; González and Ortega 2011Þ in showing that, in the tradable sector, withinfirm changes in factor intensity are more important in accommodating changes in local labor supply than changes in output mix. Since we do not find that labor supply shocks affect relative wages, these within adjustments are most likely due to changes in technology. To give an example, based on our instrumental variable regressions, adjustments through withinfirm changes in factor intensities explain around 71% of the overall adjustment to immigration-induced labor supply shocks in the tradable sector, while adjustments through changes in the output mix explain only 14%. Our findings further show that the role of new and exiting firms in absorbing labor supply shocks is important, and with a contribution of around 15%, it is similar in magnitude to the estimated contribution through output mix adjustments. Finally, comparing results at different levels of aggregation shows that a standard industry-level analysis is likely to overestimate the effect commonly assigned to technology adjustments: when the level of aggregation is reduced stepwise from two-digit industries to threedigit industries and then to the firm level, the output mix changes become relatively more important.
The structure of the paper is as follows. In the next section, we explain our analytical framework. In Section III, we describe the data and provide some descriptive evidence on the industry and firm structure in West Germany between 1985 and 1995. In Section IV, we present our empirical results. We first show the extent to which local relative wages have responded to changes in local factor supplies and then present the main firm-level estimates of the relative contribution of output and technology adjustments to the absorption of local labor supply shocks. We discuss the specific role of new and old firms in this process and relate the firm-level results to those that would be obtained by an industry-level analysis. Finally, we provide some additional results on the role of firm size and nationwide changes in industry-specific production technologies. Section V concludes.
II. Analytical Framework
Our starting point to analyze the different adjustment mechanisms to changes in local labor supply is a well-known accounting identity that de-composes the change in a region r 0 s supply of labor type i, DX ir , relative to labor supply in the base period, X ir 0 , into a component that accounts for changes in the output mix produced by local production units and a component that accounts for changes in relative factor intensities used in the production of each output good ðcompare Lewis 2003; Card and Lewis 2007; and González and Ortega 2011Þ . Assuming that factor supplies X ir in each region are equal to factor demands N ir and abstracting, for now, from possible adjustments through nonemployment, this identity is given by ðdropping region subscripts for simplicityÞ:
where M j is total employment in production unit j, N ij is the number of employees of skill group i in production unit j, s ij 0 5 N ij 0 =X i 0 is the share of workers in skill group i that is employed in production unit j in the base period, %D indicates the percentage change in the respective variable between two periods, and R i is a residual term that cannot be uniquely assigned to either of the first two components. 8 For details of this derivation, see Appendix B, Section B1.
Since equation ð1Þ is an identity, the fraction of the change in factor supplies that can be attributed to each of its constituent components can be readily computed. To provide an economic interpretation for these fractions, assume that each production unit produces a tradable output good whose price is set on international markets using a simple constant elasticity of substitution ðCESÞ production function with only two input factors, skilled and unskilled labor, so that
Suppose first that production technologies ða j Þ are fixed. In this case, the unit value isoquants for the output of each production unit are also fixed, and they determine, in equilibrium, relative wages and the factor intensities with which each production unit produces its output ðsee, e.g., Gaston and Nelson 2000Þ. Now assume a particular region experiences a labor supply shock of labor type i 0 . Since unit value isoquants are fixed, so are equilibrium wages ðthe Factor Price Insensitivity Theorem; see Leamer and Levinsohn 1995Þ , which in turn implies fixed factor intensities ð%DðN ij =M j Þ 5 0 8 This residual term, given by R i 5 o J j51 s ij0 %DM j Â %DðN ij =M j Þ, is often implicitly assigned in equal shares to the scale and intensity effects by evaluating the corresponding changes at the mean of the first and last period considered ðsee, e.g., Autor, Katz, and Krueger 1998; Hanson and Slaughter 2002Þ. 9 The corresponding unit cost functions are given by
for all i and jÞ. 10 In this setting, all adjustment to a labor supply shock takes place through changes in the local output mix, with those production units increasing in scale that are more intensive in the use of the now more abundant labor input. The first term in equation ð1Þ captures this particular adjustment channel, with relative changes in overall employment ð%DM j Þ corresponding to relative changes in output ð%DY j Þ under constant returns to scale. This is the channel many open economy models and, specifically, the Rybczynski Theorem ðsee Rybczynski 1955Þ, propose as the main adjustment mechanism to labor supply shocks.
However, if factor price insensitivity does not hold and/or if the technology is not fixed, then a supply shock of a particular factor i 0 can also lead to changes in the fraction of that factor used in production, either through its effect on relative wages or by inducing technological change. For our simple CES production function, the term referring to changes in relative factor intensities in equation ð1Þ can be expressed as ðfor a change in skill group 1Þ:
where
Relative changes in factor shares within a production unit are thus driven by either changes in relative wages ðcorresponding to the linear isocost line rotating around the isoquantÞ or changes in production technology ðcorresponding to the isoquant rotating around the isocost lineÞ, where the latter reflect adjustments that lead to a more intensive use of the more abundant factor and which we assume here to arise in the form of factor-biased technical change. The second term in equation ð1Þ thus captures the contribution of both wage-and technology-induced changes in relative factor intensities within production units to the absorption of changes in local labor supply. Since its economic interpretation depends crucially on the relative importance of the two channels, we will, in a first step, analyze the evidence for relative wage adjustments in response to changes in local labor supply. If we can rule out a significant role for wage adjustments, the contribution of the second term of equation ð1Þ can be interpreted as evidence for technology adjustments.
11
10 The Factor Price Insensitivity Theorem holds as long as there are at least as many tradable goods as factors of production ðsee, e.g., Ethier ½1984 for detailsÞ and can be extended to account for the existence of nontradable goods ðsee Komiya 1967; Ethier 1972Þ. 11 We thus interpret changes in relative factor intensities when relative wages remain unchanged as changes in production technology. For example, suppose a typical midsize firm in Germany employs both highly trained engineers and manual workers to produce a specific car component. If there is an inflow of engineers into the market and the firm now adjusts its workforce and uses relatively more
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Dustmann/Glitz A. Empirical Implementation: Wages
To assess to what extent labor supply changes lead to adjustments in local relative wages, we estimate the following model:
where Dlogw ir is the percentage change in gross daily median wages, %DX ir is the percentage growth of the labor force with education level i in region r, and d r and h i are full sets of region and skill group fixed effects that account for changes in overall regional wage levels and national trends in skill-specific wages, respectively. Notice that equation ð2Þ corresponds to a level specification where we allow for region-and skill-specific effects as well as their changes over time.
12
As is well known, the above estimation equation suffers from an endogeneity problem, since unobserved skill-specific local demand shocks are likely to attract suitably skilled workers into the local labor force. As a result, OLS estimates of equation ð2Þ tend to yield attenuated estimates of g, understating the true effect exogenous labor supply shocks have on relative wages. To deal with this issue, we follow the standard approach in the literature and use predictions of international immigrant inflows into a region based on historical settlement patterns to instrument the relative changes in local skill-specific labor supply ðsee, e.g., Card 2001Þ. The idea is that immigrants tend to settle in areas in which other immigrants of the same country of origin have already settled earlier ðBartel 1989; Jaeger 2007Þ but that these historical settlement patterns are not related to current demand-induced changes in local labor supply. We define DI c as the engineers to produce the same product, and if relative wages between engineers and manual workers remain unchanged, then we interpret this as a change in the underlying production technology. In this particular example, firms may have to complement their new engineers with additional technology, such as automated production systems, and/or change the organizational structure of production.
12 Equation ð2Þ is derived from a standard production function that uses capital and labor in each region to produce an aggregate output good, Y rt 5 FðK rt ; L rt Þ, where the labor input is itself a CES aggregate of three different skill groups,
and the a irt determine the relative productivity of labor input i in region r at time t. Equating the marginal product of each skill group with its wage rate and allowing the productivity terms to vary by skill group, region, and time period so that loga irt 5 a ir 1 a rt 1 a it 1 a 0 irt gives, after first differencing over time, 13 Summing over origin countries and dividing by the overall skill-specific labor force in region r at the beginning of the observation window in 1985 results in an estimate of the expected overall skill-specific immigrant inflow rate into local labor market r :
To compute the l cr , we use the existing regional distributions of immigrants across Germany in 1975, the earliest year available in our administrative data base. Under the plausible assumption that current regional demandinduced labor market shocks are uncorrelated with past immigrant settlement patterns, this instrument leads to estimates that have a causal interpretation. In Appendix A, we describe the composition of the immigrant population in Germany and the changes in composition and skill structure over the decade under study in more detail.
B. Empirical Implementation: Adjustments through Output Mix and Technology
After assessing the role of relative wage adjustments, we then return to our accounting identity. To obtain summary measures of the relative contribution of adjustments in scale and intensity to the absorption of changes in local labor supply, we regress each of the components on the right-hand side of equation ð1Þ on the percentage change in skill-specific labor supply in a region, DX ir =X ir 0 5 y ir . This results in regression equations x 1ir 5 a 1 1 b 1 y ir 1 ε scale ir , x 2ir 5 a 2 1 b 2 y ir 1 ε intensity ir , and R ir 5 a 3 1 b 3 y ir 1 ε residual ir . Due to the underlying identity y ir 5 x 1ir 1 x 2ir 1 R ir , the OLS regression coefficients for each of the single terms must sum up to one and thus measure the average relative contribution of the corresponding component to the absorption of changes in labor supply on the local level. In interpreting the OLS parameter estimates, we first recognize that a positive estimate of, for instance, b 1 may indicate that an increase in the labor supply of, for example, low-skilled workers increases the scale of production units in affected regions that use low-skilled workers more intensively. It may equally indicate, however, that low-skilled workers move to regions in which firms that use their skill type more intensively are expanding in size. For example, the construction of a large infrastructure project in a specific local area may require low-skill intensive construction companies to hire more workers, implying that results from straightforward OLS regressions have no causal interpretation. Reversely, endogeneity may also arise due to shocks to local technology. Thus, the estimates identified by OLS measure how relative changes in the availability of different labor types are absorbed through changes in the output mix produced by local production units and by changes in relative factor intensities used by each production unit in the production of its output good. These are interesting parameters in that they describe the importance of the two adjustment channels when moving from one equilibrium in the local labor market to another. However, they do not answer the question of how exogenous labor supply shocks that change the skill composition of local labor markets are absorbed by the local economy.
To identify adjustment to such exogenous shocks, we apply our IV strategy based on immigration-induced labor supply shocks ðdenoted by z ir Þ. ; z ir Þ 5 0 and Covðy ir ; z ir Þ ≠ 0, the IV estimator identifies the effect of exogenous changes in local labor supply on scale and intensity adjustments of local production units. As before, the IV estimates will sum up to one and can thus be interpreted as the relative contribution of the specific adjustment channel to the absorption of labor supply shocks. 15 Note that IV and OLS estimates are not directly comparable: while the OLS estimates identify the share of the overall change in relative labor supply in a region that is absorbed by a particular channel, the IV estimates identify the share of an immigrationinduced labor supply shock that is absorbed by a particular channel.
16
Following the literature, we focus our analysis on the tradable sector since the output mix adjustment channel is predicated on fixed output prices ðcompare Hanson and Slaughter 2002; González and Ortega 2011Þ. As a robustness check, in some specifications we further restrict the trad- 15 Denote the IV estimates for b 1 , b 2 and b 3 byb 1 5 Cov ðx 1 ; zÞ=Covðy; zÞ, b 2 5 Cov ðx 2 ; zÞ=Covðy; zÞ, andb 3 5 Cov ðx 3 ; zÞ=Covðy; zÞ. Since Cov ðy; zÞ 5 Cov ðx 1 ; zÞ 1 Cov ðx 1 ; Cov zÞ 1 Covðx 3 ; zÞ, the IV estimates sum up to one. 16 If, e.g., technology changes will only be induced by exogenous labor supply shifts, but scale adjustments are due to demand-induced changes in local labor supply, then the same variation will identify the technology coefficient in both OLS and IV. However, as the scale effect will be zero in the IV regression, the estimated coefficient for the technology adjustment will be larger due to the addingup property.
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able sector to production units in manufacturing since their production of tradable outputs is unambiguous. To construct a measure of the overall employment change that is absorbed by the tradable sector, we first subtract from the actual observed change in skill-specific local labor supply that part that is absorbed by the nontradable sector. When focusing on the manufacturing sector only, we also subtract the employment absorbed by those tradable sectors that are not manufacturing sectors. In addition, we need to take account of unemployment in the empirical implementation. Specifically, because our focus is on adjustments in the employment structure across and within production units, we subtract the part of the observed change in labor supply that is absorbed through unemployed individuals. The change in skill-specific employment in the tradable sector is then given by
2 DU i , where DN i is the change in employment of skill group i over our observation period, and DX i , DN NT i , and DU i are the changes in overall labor supply, employment in the nontradable sector, and unemployment of skill group i, respectively.
C. Firm-Level Analysis
As our analysis will be on the level of the firm rather than industry, we need to extend the decomposition in equation ð1Þ by allowing for the creation of new firms ði.e., firms that we observe in 1995 but that did not exist in 1985Þ and the exit of old firms ði.e., firms that we observe in 1985 but that do not exist any more in 1995Þ as an additional adjustment channel to local labor supply changes.
Accounting for entering and exiting firms ðthe sum of which we refer to as "net new firms"Þ, and denoting those firms that existed in both 1985 and 1995 as "permanent" firms, the change in skill-specific employment in all firms in the tradable sectors j in a local labor market can be written as
where M jf measures the overall employment and N ijf the skill-specific employment in firm f. The sets X 
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Dustmann/Glitz the overall tradable sector that is employed in ðpermanentÞ firm f in the base period 0 and can thus be interpreted as a firm/skill group-specific weight. Finally, N ijf in the third row of the bracketed portion of ð3Þ is the skill-specific employment in a new firm at the end of the observation period, and N ijf 0 is the skill-specific employment in an old firm at the start of the observation period. 18 For details of this derivation, see Appendix B, Section B2. Following our earlier discussion, the first term in equation ð3Þ captures the contribution of changes in the size of permanent firms ð%DM jf Þ to the absorption of changes in local labor supply, the second term the contribution of changes in relative factor inputs within a permanent firm ð%DðN ijf =M jf ÞÞ, and the third term the contribution through the creation and destruction of firms. The fourth term captures the residual component.
19
With this extended decomposition, we then proceed as described above, by regressing each of the four components on the region-specific relative changes in employment, conditional on a full set of region fixed effects v r and skill group fixed effects m i . These latter account for scale or intensity changes common to all firms and skill groups in a region and exogenous changes in the relative use of different labor types in all firms and regions, respectively. For instance, the estimation equation for the permanent firm scale effect is then given by
and due to the adding-up property,b 1 can be interpreted as the fraction of the change in skill-specific local employment that is absorbed through changes in the relative size of firms within a region.
III. Data and Descriptive Evidence
The data used for analysis, which cover West Germany only ðhereafter, GermanyÞ, 20 were provided by the Institute for Employment Research ðIABÞ and comprise complete employment histories of all wage earners and salaried employees who are subject to social security contributions.
21
Most important for our purposes, the data include a unique identifier for the firm in which an individual is working in a given year, which allows construction of a yearly panel for all firms in Germany that includes in- 18 It should be noted that whenever a variable refers to the end of the observation period, we drop the time subscript for simplicity. 19 The residual term is given by
20 West Germany's unification with East Germany took place on October 3, 1990, but data on East Germany are only included in our social security data from 1992 onward. We therefore focus exclusively on labor market regions in West Germany, excluding Berlin. 21 The data do not cover the self-employed, civil servants, and military personal. In 2001, 77.2% of all workers in Germany were covered by the social security system ðBundesagentur fü r Arbeit 2004Þ.
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formation on the firm's skill-specific employment and wages, industry, and region of operation. 22 The labor market regions in our analysis are aggregates of Germany's 326 counties, which take commuter flows into account in order to better reflect separate local labor markets. Overall, there are 204 labor market regions, with an average population of around 315,000 individuals in 1995. One major advantage of using the entire workforce is that we can observe all firms rather than being biased, as are most firm-level data sets, toward large businesses ðe.g., the US Annual Survey of ManufacturesÞ. Since most firms are small, with about 20 employees on average, such a focus could lead to potentially misleading conclusions.
We base our analysis on all individuals of ages 15-64 who work fulltime. We differentiate between three skill groups based on educational level, which we classify as low, medium, and high. Individuals with a low educational level are those without postsecondary education; those with a medium educational level have obtained postsecondary vocational or apprenticeship degrees; those with a high educational level have attended college. This classification is standard in the German context ðsee, e.g., Antonczyk, Fitzenberger, and Sommerfeld 2010Þ.
We distinguish 44 two-digit industries that produce tradable goods, 23 a group in which, following Hanson and Slaughter ð2002Þ, we include manufacturing, agriculture, mining, finance, real estate, business services, and legal services. For a detailed overview of the individual industries and a number of key indicators, see table C1 in Appendix C. As shown in column 1 of that table, the largest tradable industry in 1995 was manufacture of electrical equipment, which, with around 818,000 employees, accounted for 10.0% of the overall full-time employment in the tradable sector in that year. Between 1985 and 1995, overall employment declined by 3.6% to around 8.2 million, but the variation in employment growth across indus-tries was substantial, ranging from a decrease of 51.3% in the manufacture of apparel to an increase of 73.3% in architecture and engineering firms.
As stated above, for comparability with other studies, we limit in some specifications the tradable sector to manufacturing industries only. In table C1, we use an asterisk to designate all industries in the tradable sector that do not engage in manufacturing. 24 We find that 78% of all full-time employees in the tradable sector work in manufacturing industries. To illustrate the effect of aggregation on the estimated relative contributions of scale and intensity adjustments, we also use a finer, three-digit level industry classification, which distinguishes between 296 industries. Table 1 summarizes the most relevant information for the firms in our data set. In 1995, a total of 402,195 firms were operating in the 44 tradable industries, 226,908 of them in the manufacturing sector. About half were already in existence in 1985 ðpermanent firmsÞ, while another half were newly established in the 10 years between 1985 and 1995. As could be expected, firms in the tradable sector that existed in both 1985 and 1995 were typically larger than both new and old firms, with 31.0 full-time employees on average in 1995, compared to 8.0 employees in new firms and 10.1 employees in firms that closed down by 1995. The average firm size was 23.4 full-time workers in 1985 but declined by 12.6% to 20.4 workers in 1995. Average firm size in the manufacturing sector was somewhat larger, with 28.3 full-time workers in 1995.
In 1985, on average 35.8% of workers employed in a region's tradable sector were low-skilled, 61.0% were medium-skilled, and 3.2% were highly-skilled. 25 In the decade thereafter, the share of low-skilled workers dropped by on average 28.5% to 25.6%, the share of medium-skilled workers increased moderately by 12.9% to 68.8%, and the share of highskilled workers increased substantially by 87.8% to 5.6%. Relative skill shares in the manufacturing sector are comparable. The substantial overall shift in skill shares toward more highly educated workers reflects the secular increases in both high-skilled labor supply ðbecause of higher college graduation ratesÞ and high-skilled labor demand ðdue to, e.g., skillbiased technological changeÞ that are also observable in many other developed economies over the 1980s and 1990s and which we account for in our estimations by including a full set of skill fixed effects. 24 The three biggest tradable but nonmanufacturing industries are the financial intermediation and insurance industry, legal advice and business consulting, and architecture and engineering firms. 25 These estimates are unweighted averages across all 204 labor market regions. Note that the share of college-educated workers in the IAB data is lower than the corresponding figure from the German microcensus because the former does not include self-employed individuals and civil servants, many of whom have college degrees.
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Median wage growth between 1985 and 1995 was quite similar in the first two skill groups, increasing by 18.3% for low-skilled workers and 15.9% for medium-skilled workers. This observation is compatible with the relatively stable wage distribution in Germany over that period ðsee Dustmann, Ludsteck, and Schö nberg 2009Þ. Wage growth for high-skilled workers was lower at 4.7% but, due to extensive right-censoring of wages in this skill group, this figure has to be viewed with some caution.
To illustrate the variation in skill shares across firms, figure 1 plots for all firms existing in both 1985 and 1995 ði.e., permanent firmsÞ the log skill ratio of medium-skilled workers to low-skilled workers in 1995 against the corresponding log ratio in 1985. For reference, we superimpose a 45ð dashedÞ line and a regression ðsolidÞ line regressing the 1995 skill shares on the 1985 skill shares. The upper scatterplot, which shows the raw data, reveals substantial variation in both 1985 and 1995, ranging from 0.50 ð0.61Þ medium-skilled workers per 1 low-skilled worker at the first decile of the distribution to 6.00 ð8.50Þ medium-skilled workers per 1 low-skilled worker at the ninth decile ðfor 1985 and 1995, respectivelyÞ. The change in FIG. 1.-Relative employment, 1985 and 1995. The two graphs plot for all permanent firms in the tradable sector the log of the ratio of medium-skilled workers to low-skilled workers in 1995 against the corresponding log ratio in 1985. The upper graph shows the raw data. The lower graph shows the firm-level residual employment ratios after netting out region and three-digit industry fixed effects and their interactions separately in both years. log skill ratios between 1985 and 1995 also varies widely, ranging from 20.69 at the first decile to 1.39 at the ninth decile.
The lower scatterplot illustrates how much variation in skill shares is left after we eliminate any variation induced by general industry requirements and region-specific labor market conditions ðand their interactionsÞ. To do this, we first regress the skill shares in each year on a full set of threedigit industry fixed effects interacted with region fixed effects and then plot the residual skill shares against each other. Although the variation in each year decreases considerably, from a standard deviation of 1.01 ð1.05Þ in 1985 ð1995Þ to a standard deviation of 0.85 ð0.87Þ, firms within the same three-digit industry and the same region still vary considerably in the skill ratios they employ. One reason could be that firms within even quite narrowly defined industries produce heterogeneous products, implying that within-industry changes in factor intensities as a response to labor supply shocks could mask between-firm scale adjustments-which is what we investigate in Section IV.D. Table 2 shows the estimates of the parameter g in equation ð2Þ. These estimates can be interpreted as the percentage change in relative skillgroup-specific wages in response to a 1% increase in skill-group-specific For the nontradable sector, our estimates indicate that changes in local labor supply have a significantly negative impact on wages. Both OLS and IV regressions show that relative wages decrease for those skill groups that experience supply increases. The IV results are larger than the OLS results, which is compatible with a partial response by regional labor supply to positive wage shocks. The result in column 2 of the upper panel, for example, suggests that a 1% increase in the labor supply of a particular skill group because of immigration leads to a decrease in relative median wages for workers in that skill group of about 0.41%. Compared to estimates in the spatial correlation literature on the wage impact of immigration, which are often close to zero ðsee Okkerse ½2008 for an overview of this literatureÞ, this elasticity is large. However, existing studies do not distinguish between the tradable and nontradable sector. When we pool all workers in our sample, the IV estimate becomes an insignificant 2.040 ð.059Þ. These findings suggest that the impact of immigration on wages should be sought in the nontradable sector. Our study is, to the best of our knowledge, the first that draws this distinction when estimating the wage impact of immigration.
IV. Results

A. Wage Responses
Turning to tradable industries, the OLS results reported in column 3 of table 2 indicate no effect of changes in relative skill-specific labor supply on relative wages using either all three skill groups or low-and mediumskilled workers only. The IV results turn negative but remain small and statistically not significantly different from zero. The wage elasticity is estimated at around 2.042 using all three education groups and 2.091 using only medium-skilled and low-skilled workers. The corresponding results for wages in the manufacturing sector are equally small in magnitude.
Taken together, these results suggest that immigration affects wages in the nontradable sector but has no effect on the wages of workers employed in the tradable sector.
27 One possible explanation is that, in contrast to 26 One motivation for estimating separately for workers with only low or medium education is the extensive right-censoring among the group of highly-skilled workers, particularly in the tradable and manufacturing sector. As a result, in these sectors, a nonnegligible number of observations for this group of workers is based on imputed rather than observed wages. 27 We could in principle estimate wage equations on the firm level; when we do so by OLS, our results are similar to those obtained from the regional-level reIndustries and Firms Respond to Changes in Local Labor Supply 727 those in the nontradable sector, firms in the tradable sector are unable to adjust wages because of fixed output prices set on national or international markets and that workers are insufficiently mobile to respond to small wage changes in order to equilibrate wages across sectors. 28 One possible reason for such immobility could, in turn, be Germany's distinctly sectorspecific vocational training system.
For the subsequent analysis, the most important insight provided by table 2 is the absence of any large or significant effect of changes in local labor supply on wages in the tradable sector. Within our analytical framework, this finding suggests that in that sector, adjustments may have taken place through either changes in output mix or changes in technology, two options we now investigate. We now decompose the overall change in region-and skill-specific employment into its various components using the decomposition presented in equation ð3Þ, which distinguishes between scale and intensity effects of firms that existed in both 1985 and 1995, the contribution of new and exiting firms, and a residual term. As demonstrated in table 1, new and exiting firms represent a large fraction of the firm population and employ a considerable share of workers. Not only may both new and exiting firms 28 Monras ð2011Þ explores how such worker sluggishness could impede the adjustment process to local labor supply shocks.
29 Another reason for a differential response to labor supply shocks in tradable vs. nontradable industries could be differences in wage rigidities. Wages in the tradable sector may be more rigid than in the nontradable sector because of labor market institutions such as a wider union coverage. To explore this issue, we use information on the degree of union coverage in the two sectors in the year 1995, provided in the IAB Establishment Panel ðsee Fischer et al. ½2008 for details on this data setÞ. As explained in Dustmann and Schö nberg ð2012Þ, in Germany, all firms that are members of the employers' association pay union-negotiated wages, but firms that are not members are not bound by union contracts no matter what the worker's union status. Of the 3,921 West German firms sampled that year, 61% of those belonging to the nontradable sector were covered by an industry-wide union agreement, compared to only 51% of firms in the tradable sector. Thus, wage rigidities as a result of stronger union influence are unlikely to explain the differential impact of labor supply shocks on wages across sectors. 27 We could in principle estimate wage equations on the firm level; when we do so by OLS, our results are similar to those obtained from the regional-level regressions: there is no evidence of a strong effect of changes in relative skill-specific employment on relative wages. OLS estimation on the firm level, however, may lead to biased estimates due to the potential endogeneity of changes in firm-specific relative factor inputs. Moreover, under the reasonable assumption that labor is 728 Dustmann/Glitz contribute substantially to the absorption of labor supply shocks, but new firms may also be in a better position than existing firms to react to labor supply changes by adopting appropriate technologies.
In table 3, we present the results from the firm-level decomposition, distinguishing between the tradable sector overall ðupper panelÞ and the manufacturing sector ðlower panelÞ. The OLS estimates for the tradable sector show that 23.3% of changes in skill-specific employment are absorbed by scale adjustments, while 34.3% are absorbed by intensity adjustments and 23.8% by new and exiting firms, with 18.6% captured by the residual term. These estimates suggest that new and exiting firms contribute to the absorption of changes in labor supply to about the same extent as scale adjustments of permanent firms. The corresponding results for the manufacturing sector only, reported in the first row of the lower panel, are similar, with a somewhat higher intensity effect and a correspondingly lower effect through new and exiting firms. Having only a descriptive interpretation, these OLS results, however, cannot reveal the direction of causality.
To identify firm adaptation to unforeseen labor supply shocks, we apply the IV strategy explained in Section II.A using predictions of immigrant inflows into particular regions and skill groups as instruments for local employment changes. For the tradable sector as a whole, row 2 of table 3 shows that the fraction explained by scale adjustments decreases to 13.7%, the contribution of within-firm adjustments increases to about 71.2%, and the net contribution of new firms drops to about 14.5%. Results for the manufacturing sector are qualitatively similar, although with a smaller estimate for the intensity effect. Overall, these results suggest that firm absorption of exogenously allocated workers takes place predominantly through the employment of production technologies that use the more abundant factor more intensively. The relatively larger scale effect estimated in the OLS specification, in contrast, seemingly reflects scale expansions of firms attracting workers into the specific labor market rather than a mechanism to absorb exogenous changes in local labor supply. The results also show that new and exiting firms make an important contribution to the absorption of labor supply shocks, similar in magnitude to the absorption through changes in the output mix. 30 Given its importance, and in order to obtain an overall assessment of the relative importance of output and technology adjustments, it would be useful to interpret the new and exiting firms' contribution as either a scale or an intensity adjustment. In the next section, we propose a way to distinguish between the two.
C. The Contribution of New Firms
The net new firm contribution reported in table 3 could be due to a scale effect ði.e., new firms entering predominantly industries that use the more abundant production factor more intensivelyÞ or an intensity effect ði.e., new firms entering industries that produce a particular product choosing technologies that make more relative use of the more abundant factorÞ. Because these firms did not exist either at the beginning or at the end of the observation window, however, we cannot use the firm-specific growth rates in scale and skill-specific factor intensities to distinguish between the two ðas in the case of permanent firmsÞ. An alternative way to decompose the net contribution of new firms is to benchmark it against their industry of operation in the year in which they are created or shut down. Using this principle, for each entering or exiting firm in our 10-year observation window, we compute the average relative factor inputs of its two-digit industry in the year of entry or exit. The firm's contribution in that particular year can then be interpreted as either a pure scale effect, if its factor intensity coincides with the contemporaneous industry average, or as an intensity effect, if it enters and exits with different relative factor inputs. After the year of entry ðbefore the year of exitÞ, new ðoldÞ firms can be considered permanent firms and their growth in scale and factor intensity treated in the same way as for our initial set of permanent firms. Following this line of argument, we decompose the net contribution of new and old firms in the last row of equation ð3Þ into a scale component and an intensity component, each of which is the sum of the corresponding contribution at entry or exit and the contribution over time. For details of this decomposition, see Appendix B, Section B3.
In table 4, we report the OLS and IV results from this more detailed decomposition. In the last column, we report the overall net contribution of new firms, taken directly from table 3. The first row of the OLS and IV panels reports the decomposition of the net effect into an overall scale and an overall intensity effect, while the second row of each panel reports the further decomposition into the corresponding contributions in the year of entry/exit and over time.
Focusing on the IV results, the estimates suggest that new firms tend to enter in those industries that use the more abundant factor more inten- sively ðcol. 1Þ, thereby contributing to the absorption of exogenous changes in local labor supply. In contrast, relative to the industry average in their year of entry ðexitÞ, new ðoldÞ firms do not appear to employ factor intensities that are conducive to a further absorption of local supply shocks ðcol. 3Þ. What does play an important role, however, are adjustments in factor intensity in these new firms through ongoing changes after market entry ðcol. 4Þ. This could be because young firms face comparatively low adjustment costs in their first years of operation, which could facilitate their adapting to local conditions. Overall, table 4 suggests that immigrationinduced supply shocks promote the creation of new firms in industries that use the now more abundant type of labor intensively in their production process and that these new firms are, over the course of time, particularly responsive to local supply conditions with respect to their choice of production technology.
D. Levels of Aggregation
One important shortcoming of an industry-level decomposition is that it may mask scale effects that occur across firms but within industries, especially when firms within an industry produce heterogeneous products. We now assess the magnitude of this possible aggregation error, by decomposing the adjustment to changes in relative employment into between and within adjustments on three levels of aggregation: two-digit industry and three-digit industry ðwhich overall distinguish 79 and 296 industries, respectivelyÞ and individual firm. To make comparisons across aggregation levels meaningful, we exclude new and exiting firms ðwhich on the industry level are subsumed under the corresponding industry classificationÞ from our sample prior to estimation by adjusting the overall change in skill-specific regional employment accordingly.
31
Using only permanent firms that existed in both 1985 and 1995, consider the correspondence between the scale effect that would be measured on the industry level and the scale effect measured on the firm level:
31 More precisely, we obtain
32 For the industry level decomposition, see App. B, with j now denoting different industries.
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Dustmann /Glitz It follows from equation ð4Þ that the scale effects measured on the firm and industry level will be the same if the last term in ð4Þ is equal to zero, an outcome that happens trivially if all firms in the same industry j produce with the same relative factor inputs in the base year. In this case, ðM jf 0 =M j 0 Þ 2 ðN ijf 0 =N ij 0 Þ 5 0 for all firms, and the industry-based scale effect will be identical to the firm-based scale effect. Such, however, is unlikely to be the case, given the substantial variation in relative factor inputs across firms even within the same industry and region ðsee fig. 1Þ . More generally, the decompositions on the industry and firm level will lead to the same results as long as the factor intensities employed in different firms are uncorrelated with the firms' growth rates. If, however, those firms within an industry that are particularly intensive ðrelative to their sizeÞ in the use of a given skill input i ðso that ðM jf 0 =M j 0 Þ 2 ðN ijf 0 =N ij 0 Þ < 0Þ grow at a faster rate, then the aggregation term will be negative, meaning that an industry-level analysis will underestimate the contribution through scale adjustments, relative to a firm-level analysis. Similarly, for the intensity effect we have:
Equation ð5Þ shows that the intensity effect calculated at the firm level equals the intensity effect at the industry level if all firms in the same industry j grow at the same rate ðso there is no "between" effect within industriesÞ; in this case, ðM jf =M jf 0 Þ 2 ðM j =M j 0 Þ 5 0. More generally, as long as the firms' growth rates ðrelative to the industry averageÞ are uncorrelated with the change in their relative factor intensities, a firm-level estimation will lead to the same results as an industry-level estimation. Table 5 reports the outcomes of distinguishing between the tradable sector ðupper panelÞ and manufacturing firms within the tradable sector ðlower panelÞ for two-digit industries, three-digit industries, and the firm level. The first three columns report OLS results, and the last three, IV results. The OLS estimates for the tradable sector on the two-digit industry level suggest that 15.3% of changes in skill-specific employment are absorbed by scale adjustments, while 64.4% are absorbed by intensity adjustments, with 20.3% captured by the residual term. The relative proportion of the scale and intensity effects on the firm level are almost identical to those reported in table 3 ðwith a ratio of about 0.68 for OLSÞ but are larger in absolute size because of the focus on permanent firms only, Industries and Firms Respond to Changes in Local Labor Supplythe omission of the net new firm effects, and the summing property of our decomposition. When we move to finer levels of disaggregation ðthree-digit industry and firm levelÞ, the relative fraction of within adjustment decreases, while the scale adjustment increases. This finding is compatible with the intensity effect on the industry level being partially explained by scale adjustments within industries. The figures for the manufacturing sector are similar ðlower panel of the tableÞ: again, whereas a two-digit industry classification suggests that only 12.4% of supply changes are absorbed by scale effects, this number increases to 17.9% when industries are broken down into three-digit levels and to 25.1% when the data used are on the firm level, with a corresponding decrease in the contribution of the intensity effect. As before, however, these OLS results allow only a descriptive interpretation, referring to the absorption of both demand-and supply-induced changes in local employment.
Columns 4 -6 of the table present the IV results. For the tradable sector as a whole, these results show that the fraction explained by scale adjustments drops to basically zero for the two-and three-digit industry classifications but increases to 16.6% when decomposed on the firm level. As regards the manufacturing sector only, the results suggest a larger role for scale adjustments to immigration-induced labor supply shocks. They also show, as before, that the smaller the level of disaggregation, the larger the scale effect: on the firm level, the numbers suggest that about 17.2% of labor supply shocks are absorbed through scale adjustments, 56.5% through intensity adjustments, and 26.3% are captured by the residual term. These results consistently suggest that aggregation may lead to an underestimation of scale adjustments and an overestimation of intensity adjustments. However, this interpretation is based on the assumption that firms within an industry produce heterogeneous products, an assumption for which there is some evidence ðsee, e.g., Schott 2004; Broda and Weinstein 2006Þ. If this is the case, it is likely they will do so employing different optimal skill ratios in the base period, a pattern for which figure 1 provides indeed strong evidence. As shown in equation ð4Þ, the scale effect will then be underestimated in an industry-level analysis if those firms within industries that use the factor whose supply increased more intensively grow faster than those who use it less intensively.
At the other extreme, if all firms in the same industry produced the same product, the between-firm within-industry changes might simply reflect differential growth of firms that produce the same product within an industry but choose different coexisting technologies ðe.g., Green 2003, 2005Þ . In this extreme case, a firm-level analysis could lead to an overestimation of the product mix adjustment and underestimation of the technology adjustment. Thus, industry-and firm-level analyses may be interpreted as bounds on the relative magnitude of the two different adjustment channels. In both cases, however, according to our results, intensity adjustments are far more important for absorbing labor supply shocks than scale adjustments, explaining between 57% and 67% of the overall employment changes in the manufacturing sector, and between 81% and 83% in the more broadly defined tradable sector. This key finding thus corroborates the results of Lewis ð2003Þ and González and Ortega ð2011Þ, who, in a comparable set-up, find a within-industry contribution of 74% and 60%, respectively.
E. Extensions
As a first extension of our standard decomposition, we make a distinction between the contributions of small versus large firms. This is motivated by the observation that, if firms produce multiple products, then even on the firm level, adjustments in relative factor intensities could result from changes in the product mix. If such is the case, we would expect this outcome to matter more for large firms than small firms. Defining a small firm as having at most 100 full-time employees in the base year ðfor new firms, the size limit refers to 1995Þ, there were 1,241,971 small firms with an average of 6.8 workers and 23,344 large firms with an average of 379.7 workers operating in Germany in 1985. Overall full-time Industries and Firms Respond to Changes in Local Labor Supply 735 employment was thus shared almost equally between these two groups ð48.8% vs. 51.2%Þ. The first two panels in table 6 show the results of our firm-level decomposition ðeq. ½3Þ for small and large firms separately. Both in the OLS and the IV estimations, the relative adjustment through changes in scale and factor intensities is quite similar for both firm types. As expected, the main difference lies in the contribution through the net creation of new firms. Since hardly any of the newly created or exiting firms are large, their contribution to the absorption of changes in local factor supplies is small, around 6.5% in the OLS and effectively zero in the IV estimations. Small new firms, on the other hand, contribute a significant share of 17.3% and 14.9%, respectively, to the overall absorption. The third panel of the table reports the results when we net out nationwide industry-specific changes in factor intensities prior to estimation, following the reasoning of Hanson and Slaughter ð2002Þ, who argue that these cannot be interpreted as a response to changes in local labor supply. After first calculating the nationwide percentage change in factor intensity, %D N ðN ij =M j Þ, for each two-digit industry and skill group, we then 
Substituting this equality into equation ð3Þ leads to a new decomposition of the within-firm effect into a component for nationwide changes in factor intensities and an idiosyncratic region-specific component. According to the estimates in the third panel of table 6, in Germany, the latter component plays the dominant role: in the IV estimations, 58.5 percentage points of the original 71.2% can be attributed to such idiosyncratic changes in relative factor intensities and only 12.7 percentage points to nationwide changes in industry-specific relative factor intensities. Contrary to the conclusion by Hanson and Slaughter ð2002Þ, this finding indicates that firms in the same industries operating in different regions change their relative factor inputs differentially in response to local changes in factor supplies. Such differential behavior strongly supports the interpretation of our empirical results as reflecting endogenous technology adoption as a major adjustment mechanism to local supply changes.
V. Conclusion
This paper analyzes three channels by which local labor markets and the firms operating therein can absorb skill-specific changes in labor supply: wages, scale adjustments between production units, and factor intensity adjustments within production units. In contrast to previous work, we investigate these different adjustment channels on the firm level, which eliminates possible aggregation errors and allows an assessment of the contribution of new and exiting firms. To isolate the causal effect of local supply shocks from demand-driven supply changes, we instrument potentially endogenous changes in local labor supply with immigrant inflows that are driven by past settlement patterns of their conationals.
In a first step, we analyze the effect of changes in local labor supply on skill-specific wages. Although we find significant wage responses in the nontradable sector, there are no wage effects in the tradable sector, even when we instrument observed labor supply changes. This finding suggests that it may be important for studies on wage responses to immigration to distinguish between tradable and nontradable sectors. Focusing on the tradable sector ðand the manufacturing sector thereinÞ, we find that more than two-thirds of the immigration-induced changes in relative skill supplies are absorbed by within-firm changes in relative factor Industries and Firms Respond to Changes in Local Labor Supply 737 intensities. Given that relative wages are constant, this result points to changes in production technology as an important adjustment mechanism to labor supply shocks. While between-firm output mix adjustments are relatively small, the creation and destruction of firms plays an important additional role in the overall absorption of local supply shocks. New firms enter into industries and employ relative factor intensities in a way that is conducive to the absorption of the factor that has become more abundant.
Comparing results from an industry-level analysis with those from a firm-level analysis, we find that the former understates the relative contribution of scale adjustments because it does not take into account the heterogeneity of firms within an industry. In addition, although the relative importance of the different adjustment channels on the firm level does not vary significantly for existing firms of different sizes, the absorption through firm turnover results predominantly from small firms entering and exiting the labor market.
Overall, our findings are in line with those reported in other studies conducted on the industry level in suggesting that production technology responds endogenously to skill mix changes. As pointed out by Lewis ð2012Þ, such endogenous responses may importantly change the assessment of how immigration affects the labor market. Although we find evidence for aggregation error when performing analysis on the industry level, this error is relatively small. Our findings thus rule out that the previous industrylevel studies have severely underestimated between-firm adjustments and confirm the important role of within-firm adjustments in absorbing labor supply shocks. Our analysis further adds the insight that new and exiting firms play an important role in this adjustment process. Table A1 provides an overview of the size and composition of the net foreign immigrant inflow into Germany between 1985 and 1995, 33 which comprises nearly 3 million new immigrants or a net inflow rate ðrelative to the 1985 West German populationÞ of 5.0%. Of these immigrants, more than a quarter originated from the former Yugoslavia as a result of the civil wars in the first half of the 1990s, followed by Asia ð15.9%Þ, Poland ð12.9%Þ, and Turkey ð11.0%Þ. There is, however, substantial variation in the immigrant inflows across labor market regions, varying between 20.6% ðRhein-Hunsrü ck-KreisÞ and 8.9% ðKrefeldÞ, with a standard deviation of 1.7%. Overall, the newly arriving immigrants were relatively low skilled compared to the native German population in 1995: 48.6% had low educational attainment, compared to 25.2% of the German population.
Appendix A Migration to Germany
34 However, as shown in table A1, there is substantial variation across countries of origin.
Appendix B Decompositions
Basic Decomposition
The change in skill-specific employment in production unit j in a local labor market is given by: 
Dividing by the total employment of skill group i in the base period ðde-noted by subscript 0Þ and then expanding gives
Letting M j be a measure of the size of production unit j, we can then decompose the term %DN ij into three terms:
which, by substitution into equation ðB1Þ, yields the decomposition given in equation ð1Þ.
Firm-Level Decomposition
Distinguishing individual firms f and allowing for their entry and exit, the change in skill-specific employment in all tradable industries j in a local labor market is given by:
Dividing by the total employment of skill group i in the base period ðde-noted by subscript 0Þ and then expanding gives 
New/Old Firm Decomposition
The terms involving new and old firms can be decomposed as follows: 
: NOTE.-Employment growth is calculated using all full-time employees, including those with missing information for the educational attainment. The skill shares are calculated relative to the overall workforce with observed educational attainment. Right-censored wages have been imputed prior to calculating median wages. * Tradable but nonmanufacturing industry.
